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@ High-voltage connection wire.

@ A high-voitage connection wire for use in display devices, comprising a conductor, a first insulation sheath
which is provided on the conductor and which comprises a copolymer of propene and at least one other alkene,
and a second insulation sheath which is provided on the first insulation sheath and which comprises polyvinyl
chioride or a copolymer thereof and, in addition, flame-extinguishing additives.
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High-voltage connection wire.

The invention relates to a high-voltage connection wire for use in display devices such as, in particular,
TV receivers and monitors for computers.

The known high-voltage connection wires comprise an insulating sheath which is provided about the
central conductor, said sheath being manufactured from polyethylene which, if desirable, is made to be
flame-extinguishing by the addition of additives such as a bromine compound, cross-linked polyethylene,
polyvinyl chloride, irradiated polyvinyl chloride, tetrafluoroethylene, polyvinylidene fluoride, copolymer of
ethylene and tetrafluoroethylene or silicone rubber.

Both the electrical and the mechanical properties of the special high-voltage connection wires men-
tioned above must meet high requirements as regards, for example, the flame-extinguishing character,
temperature resistance, moisture resistance, flexibility, permissible voltage and variation of the permissible
voltage as a function of the stress present or developed in the wire. Since the wires, as stated above, are
applied in displays which are used indoors in very large numbers, international research institutes keep a
close check on the quality of the connection wires, both when a novel type of wire is introduced and in the
subsequent period of use. It should be kept in mind that the connection wires in said display devices bring
about the electric connection between the high-voltage unit and the display tube present therein. The
temperature may vary substantially in this type of apparatus; besides, the wires must be passed between a
variety of components, so that sharp curves are formed which bring about mechanical stress in the
connection wire.

The fluorine-containing insulation materials used so far have the advantage of a favourable temperature
resistance but they are very expensive. The same applies to the cross-linked polyethylene used which is
very expensive owing to the additional and labour-intensive cross-linking operation. Moreover, polyethylene
is anything but flame-extinguishing or fire-retardant. The polyviny! chloride insulation material used has a
low temperature resistance.

The above mentioned problems are solved by means of the connection wire according to the invention,
in which the conductor is surrounded by a first insulation sheath of a copolymer of propene and at least one
other alkene, the first insulation sheath being coated with a second insulation sheath which comprises
polyvinyl chloride or a copolymer thereof and which is further provided with flame-extinguishing additives.

The high-voltage connection wire according to the invention is of exceptional quality and is completely
safe for use. The connection wire is, in particular, highly resistant to varying climatological conditions such
as temperature, humidity and the like. A relatively high electric voltage load is permissible for a long period
of use and at varying mechanical stresses as a result of bending. The first insulation sheath is important to
obtain suitable dielectric properties. In particular, the first insulation sheath provides a sufficient insulation
resistance.

In experiments leading to the invention it was found that a connection wire comprising a first insulation
sheath of polypropylene has a favourable insulation resistance in the straight condition of the wire. Tests
have been carried out using connection wires comprising a tin-plated copper conductor having a diameter
of 0.8 mm and a first insulation sheath of polypropylene. The layer thickness of the first insulation sheath
differs, the diameter of the first insulation sheath being 1.9 mm; 2.1 mm and 2.3 mm, respectively. It has
been found, that such connection wires can suitably be used with voltage loads of 20 kV, 30kV and 40 kV,
respectively, at temperatures up to 105°C. However, these values apply to a straight connection wire. If the
connection wire is bent to a radius of curvature which is approximately 10 times the wire diameter or less,
the permissible voltage load is reduced by 40-60%. If polypropylene is substituted by a copolymer of
polypropylene and at least one other alkene, bending and, hence, mechanical tensile stress, does not lead
to a reduction of the voltage load. Consequently, also when the wire is bent, a voltage load of at least 20
kV,30 kV and 40 kV, respectively, is permissible for the above-mentioned diameters of the first insulation
sheath of the high-voltage connection wire.

In other experiments, connection wires according to the invention were bent substantially at increased
temperatures and subjected to an additional mechanical tensile stress. Even under such extreme conditions,
the connection wire according to the invention remains suitable for a high voltage load. Also at an increased
temperature and under tensile stress, a connection wire according to the invention comprising a conductor
having a diameter of 0.8 mm, a first insulation sheath having a diameter of 1.9 mm and a second insulation
sheath having a diameter of 3.2 mm, can be used at a voltage of at least 30 kV. A similar wire comprising
the same conductor, a first insulation sheath with a diameter of 2.1 mm and a second insulation sheath with
a diameter of 3.5 mm can suitably be used for a voltage load of at least 45 kV at an increased temperature
and under mechanical stress. A service voltage of at least 60 kV is obtained by means of a high-voltage
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connection wire according to the invention, which comprises a conductor with a diameter of 0.8 mm, a first
insulation sheath with a diameter of 2.3 mm and a second insulation sheath with a diameter of 4.2 mm.

The copolymer is, for example, a copolymer of propene and butene or of propene and hexene. A very
suitable copolymer is the copolymer of propene and ethene. Both block copolymers and random
copolymers can be used. Preferably, the ethene content is 2-60% by weight. In the case of block
copolymers the ethene content is preferably 10-30% by weight. In the case of random copolymers the
ethene content is preferably 2-40% by weight. The durability of the copolymer can be extended by adding
auxiliary agents such as stabilizers, antioxidants and similar additives in a customary manner.

The second insulation sheath of the high-voltage connection wire according to the invention ensures
that the connection wire has a flame-extinguishing character. The polymer basic material of the second
insulation sheath is polyvinyl chioride or a copolymer of vinyl chloride. A suitable copolymer is the
copolymer of vinyl chloride and ethylene vinylacetate. Alternatively, for example, a mixture of polyvinyl
chloride and another polymer substance can be used such as, for example, a mixture of polyvinyl chloride
and polyethylene vinylacetate. Polyvinyl chloride or a copolymer thereof already has fire-retardant prop-
erties in itself. This can be attributed to the HCI gas formed when polyvinyl chloride is decomposed, said
gas preventing or strongly hampering the oxygen supply, so that the progress of the fire is retarded. In
order o obtain a satisfactory flame-extinguishing character, the material of the second insulation sheath is
additionally provided with flame-extinguishing additives which are known per se such as bromine com-
pounds, in particular aromatic bromine compounds, for exampie, decabromine diphenyl or decabromine
diphenyl oxide. Alternatively, inorganic oxides or sulphides can be used such as antimony oxide or
antimony sutphide. Further, the second insulation sheath may be provided with customary additives such as
a filler, for example, calcium carbonate, stabilizers, antioxidants and lubricants.

The flame-extinguishing properties are established in the so-called vertical-wire flame test. In this test, a

- Tirrill gas burner is used (a Bunsen burner in which the gas and air supply can be adjusted) as well as a

metal housing comprising three wall portions, i.e. a bottom piate and two parallel side plates which are
arranged perpendicularly on the bottom plate. A specimen of the high-voltage connection wire to be
investigated is arranged in the centre of the housing, perpendicularly to the bottom plate and equidistantly
from the side plates. The Tirrill gas burner is directed at the specimen, such that the fire tube of the burner
is at an angle of 20° to the vertically arranged specimen. Said specimen is subjected to a flame process in
which it is heated by the gas flame of the Tirrill burner for 5 periods of 15 seconds each. These active
periods are alternated with rest periods of 15 seconds also, during which no heating takes place. The gas
flame has a length of 100-125 mm and has a blue, conical flame zone having a length of 38 mm. The
temperature at the tip of the blue conical flame zone is approximately 800°C. The tip of said blue flame
zone touches the specimen. After the last active heating period, it was found that the specimen stopped
flaming within one minute. Moreover, in the test period, no glowing or flaming particles have formed and/or
come off the specimen.

If desirable, the high-voltage connection wire according to the invention can be provided with one or
more reinforcement layers which are applied to the second insulation sheath, such as a layer of a metal
braid which in turn is covered with a PVC sheath.

The invention will be explained by means of an exemplary embodiment and with reference to the
accompanying drawing, in which the Figure is a cross-sectional view of a high-voltage connection wire
according to the invention.

In the Figure, reference numeral 1 denotes a conductor. Said conductor is manufactured from, for
example, Cu or Cu provided with a layer of Sn. The diameter of the conductor is not of essential
importance. A suitable diameter ranges from, for example, 0.5 to 1.5 mm. The conductor may be solid or
composed of a number of interwoven elementary wires, a so-called litz wire. A first insulation sheath 2 is
provided around the conductor 1. A suitable method for doing this is an extrusion process. The thickness of
the sheath 2 is determined by the voltage required during operation of the connection wire. Thus, the
thickness may vary between, for example, 0.3 and 1.5 mm for service voltages of 10 kV to, for example,
100 kV or higher. The insulation sheath is manufactured from a copolymer of propene and ethene
containing 20% by weight of ethene.

A second insulation sheath 3 is provided around the first insulation sheath 2 by means of an exirusion
process. The sheath 3 provides the high-voltage connection wire with flame-extinguishing properties. The
thickness of the sheath 3 is adapted and attuned to that of the sheath 2, in such a manner that a larger
layer thickness of sheath 2 leads to a larger thickness of sheath 3. A suitable layer thickness ranges from
1.0 to 3.0 mm. The sheath 3 has the following composition:
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50% by | PVC-EVA copolymer (Vinnol T.M.)

weight

0.5% by | lubricant (montanic acid-ester)
weight

5% by stabilizer (dibasic lead phthalate)
weight

1% by antioxidant (pentaerythrityl-tetrakis
weight [3-(3,5-ditert.butyl-4-hydroxyphenyl)-propionate}

(Irganox T.M.)
10% by Sb;03
weight
12.5% decabromine diphenyl
by
weight
21% by | CaMg(COs)2
weight

Claims

1. A high-voltage connection wire for use in display devices, which connection wire comprises an
insulated conductor, characterized in that the conductor is surrounded by a first insulation sheath of a
copolymer of propene and at least one other alkene, the first insulation sheath being coated with a second
insulation sheath which comprises polyvinyl chloride or a copolymer thereof, and which is further provided
with flame-extinguishing additives.

2. A high-voltage connection wire as claimed in Claim 1, characterized in that the first insulation sheath
comprises a copolymer of propene and 2-60% by weight of ethene.

3. A high-voltage connection wire as claimed in Claim 1 or 2, characterized in that the second insulation
sheath comprises a copolymer of vinyl chloride and ethylene vinylacetate or a mixture of polyvinyi chloride
and polyethylene vinylacetate.
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